ABSTRACT. One of the most commonly used sampling techniques to capture leaf litter amphibians, lizards and small mammals is a set of pitfall traps with drift fences. However, there are still many speculations concerning the effectiveness of different designs of pitfall traps and the most adequate size of each trap. To address this problem, we conducted the first standardized comparison of patterns of species richness, rank-abundance, and community structure of leaf litter amphibians, lizards and small mammals for two trap designs (I and Y format) and three bucket sizes (35, 62, and 100 L) in a Neotropical forest. Results are very similar for the herpetofauna, regardless of the pitfall trap design or size used, while for small mammals values of species richness were higher for 100 L pitfall traps, as compared to the smaller traps. Therefore, the use of 100 L pitfall traps is recommended to sample the terrestrial vertebrate fauna, in multidisciplinary studies. For surveys aiming only the herpetofauna the use of smaller (35 L) traps is acceptable, taking into consideration the cost-benefits obtained by the smaller traps, in comparison to the larger ones.
In biodiversity studies the choice of sampling methods is important in determining how well one is able to effectively sample the target fauna, and therefore how successfully the whole study is accomplished. Moreover, biodiversity studies will be of far more value if their results are comparable between sites, so that broader conclusions can be made -an important point for achieving a better understanding of the ecosystems and for the development of environmental policies. Such comparability however is difficult to achieve, especially in the absence of studies comparing the effectiveness of different designs of sampling methods, making their choice a question of personal preference. For terrestrial vertebrates, which concern many secretive species of leaf litter amphibians, lizards and small mammals, one of the most commonly used sampling technique are pitfall traps (THOMPSON et al. 2005) , usually associated with drift fences to enhance their effectiveness (RICE et al. 1994 ). This method is effective for detection of rare species and estimation of species richness and abundance in small mammal and herpetofauna communities, even though restricted to leaf litter fauna (BURY & RAPHAEL 1983 , BURY & CORN 1987 , GREENBERG et al. 1994 , RICE et al. 1994 , RYAN et al. 2002 , UMETSU et al. 2006 . UMETSU et al. (2006) suggested the technique as essential for inventorying the small mammal fauna of the tropics, capturing more species and more individuals than Sherman traps (but see SANTOS-FILHO et al. 2006 for opposite results). In a comparison between four herpetofaunal sampling techniques (pitfall, funnel and glue traps, and active sampling), RIBEIRO-JÚNIOR et al. (2008) found that pitfall traps captured the largest number of species in Amazonian primary forest, and the highest rate of exclusive leaf litter species. However, pitfall traps vary in many ways, which make it difficult to compare results from different studies. Besides, few studies compare the effectiveness of different designs and sizes of pitfall traps, both for herpetofauna and small mammals, and they are mostly confined to the Neartic region (e.g. MENGAK & GUYNN 1978 , ENGE 2001 , Australian region (e.g. HOPPER 1981 , MENKHORST 1982 , BRAITHWAITE 1983 , FRIEND & MITCHELL 1988 , MORTON et al. 1988 , FRIEND et al. 1989 , HOBBS et al. 1994 , ROLFE & MCKENZIE 2000 , MOSEBY & READ 2001 , THOMPSON et al. 2005 , and Africa (e.g. MARITZ et al. 2007) . For the Neotropical region no study is available for small mammals. CECHIN & MARTINS (2000) made a descriptive comparison between previous herpetofaunal studies chosen from different biomes in Brazil, and RIBEIRO-JÚNIOR et al. (2008) conducted a standardized comparison of patterns of species richness, rank-abundance, and community structure as revealed by two pitfall trap sizes (35 and 62 L buckets) in Amazonian forest.
A variety of containers has been used as pitfall traps, including metal cans, PVC pipes and plastic buckets or cones of varying dimensions (HOW et al. 1984) . Differences between con-tainers represent one of the variables that may explain distinct results obtained in comparisons between methods. For instance, FRIEND et al. (1989) observed, in a study site in Australia, that small mammals were caught equally often in 20L buckets and 160 mm-diameter PVC pipes, while THOMPSON et al. (2005) found that 150 x 600 mm pipes caught more small mammals and the largest of small trappable mammals compared to 20 L buckets. The latter authors recommended a combination of 20 L buckets and 150 mm-diameter pipes for sampling small mammals, considering that the use of only one pitfall type would produce a biased appreciation of the assemblage being trapped. For the herpetofauna, CECHIN & MARTINS (2000) , comparing previous studies conducted in different biomes in Brazil, concluded that 100L-200L pitfalls were more efficient than 20-30 L pitfalls. However, RIBEIRO-JÚNIOR et al. (2008) observed no differences between species richness, capture success, or community structure for lizards and leaf litter amphibians registered by pitfalls with 35 and 62 L buckets. MORTON et al. (1988) showed that 290 mm-diameter pitfalls are more efficient than 150 mm-diameter pipes for capturing reptiles, as observed by FRIEND et al. (1989) . MARITZ et al. (2007) found no differences between species richness and capture success registered by pitfall traps with relatively small containers, 5 and 10 L.
Regarding trap design, MORTON et al. (1988) suggested the use of cross form as an optimal pitfall trap system to sample reptiles in spinifex grasslands in Australia, when compared to straight line design, but HOBBS et al. (1994) tested several pitfall trap designs and concluded that differences in results were small, so that the simplest straight line design would be preferable.
In view of these contradictory results and the paucity of studies with focus on the Neotropical region, the effectiveness of two pitfall trap designs (straight line format -I; and Y format), and three pitfall trap sizes (35, 62, and 100 L buckets) are evaluated in a rainforest area in eastern Amazonia. In particular, these pitfall trap types are compared in relation to their performance with respect to patterns of species richness, relative abundance and community structure for leaf litter amphibians, reptiles and small mammals.
MATERIAL AND METHODS
This study was conducted in the 2,500 ha site of the Amazonia Biodiversity Research Program/PPBio-Amazônia, in Floresta Nacional de Caxiuanã (1º57'36"S, 51º36'55"W), an area of 330,000 ha in the Tocantins-Xingu interfluvium, state of Pará, Brazilian Amazonia, reserved for sustainable use (Fig. 1) . About 85% of the area is terra firme rain forest, a well-drained forest not subject to seasonal inundation (ALMEIDA et al. 1993) . The remaining area is igapó (flooded forest). The forest is characterized by a 30-35 m-tall closed canopy, with emergents growing to 45 m (AMARAL et al. 2009 ).
Leaf litter amphibians, lizards, snakes, and non-volant small mammals were sampled at the PPBio site between January and November 2007. Eighteen pitfall trap arrays were used, six of which with 35 L buckets, six with 62 L buckets, and six with 100L buckets. The 35 L buckets were 450 mm deep, with an upper diameter of 350 mm and a lower diameter of 250 mm; the 62 L buckets were 570 mm deep, with upper and lower diameters of 410 and 310 mm; and the 100 L buckets were 820 mm deep, with an upper diameter of 520 mm and a lower diameter of 390 mm, respectively. Nine pitfall arrays were Y-shaped (one central bucket linked to three peripheral ones, the three arms forming angles of approximately 120°), and nine I-shaped (four buckets in a straight line). Therefore, for each shape (Y or I), there were three pitfall arrays with 35 L buckets, three with 62 L buckets, and three with 100 L buckets. Buckets belonging to the same pitfall array were connected by a 10 mlong and 80 cm-high plastic drift fence. Pitfall arrays were set 150 m from one another along a transect, in order to provide spatially independent sample units. Pitfall transects were par- allel to, but at least 50 m distant from, the walking trails. The different types of pitfall arrays were arranged alternately, considering bucket size and trap design types, in two transects distant 1km from each other.
Each pitfall array was sampled for a total of 15 consecutive days in January-February, 17 consecutive days in March-April, 18 consecutive days in June-July, and 17 consecutive days in November. Sampling effort across all sample units totaled 1,206 pitfall-trap array nights, shared equally between the three bucket sizes (402 array nights for 35 L pitfall trap, 62 L pitfall trap, and 100 L pitfall trap), and trap design (630 Y pitfall trap array nights, and 630 I pitfall trap array nights). Traps were checked every morning by two observers. Each amphibian, reptile and small mammal captured was identified and measured; all specimens were collected and deposited as vouchers in Museu Paraense Emílio Goeldi, Belém, Brazil (catalog numbers available on request from the authors).
Analyses were conducted separately for leaf litter amphibians, lizards, and small mammals. Differences in species richness obtained by the different types of pitfall arrays were analyzed using individual based rarefaction (GOTELLI & COLWELL 2001) , and sample based rarefaction pooling data from all samples of each pitfall type (THOMPSON et al. 2003 , THOMPSON et al. 2005 . Rarefaction analyses were implemented in EstimateS v. 7.0 (COLWELL 2004). Perceived species richness were considered significantly different whenever the lower 95% confidence interval of the curve with highest values did not overlap with the remaining mean curves (MAGURRAN 2004) . To compare species-abundance patterns obtained by each sampling method, we used standardized Whittaker plots, which compare species rank with log of relative abundance (MAGURRAN 2004) . In addition, abundance ranks were compared between methods using nonparametric Spearman-rank correlations. All statistical tests were carried out using SPSS v.11.5 (SPSS 2001) .
To evaluate differences in perceived patterns of community structure, as revealed by different sampling techniques, we used Nonmetric Multidimensional Scaling (NMDS). NMDS was prefered over other ordination techniques because this method does not impose limiting assumptions concerning the nature of species responses (CLARKE & WARWICK 2001 , MCCUNE & GRACE 2002 . Similarity matrices for each method were based on Bray-Curtis similarity index using square-root transformed and site standardized abundance data. Analysis of Similarity (ANOSIM, CLARKE & WARWICK 2001) was used to compare differences in community structure between pitfall trap types (bucket size and trap design). All multivariate analyses were conducted using Primer v. 5 (CLARKE & WARWICK 2001) .
The snout-vent length (SVL) for herpetofauna and headbody length (HBL) for small mammals were measured to obtain the average length of individuals collected by each trap type, and was then compared using parametric one-way ANOVA to examine whether pitfall trap size and design differed in their selection of body size (correcting for unequal variances when necessary). Pairwise post hoc comparisons were made using Tukey's subsets between each trap type with different size buckets. Maximum and minimum SVL or HBL of the individuals captured per pitfall trap type were compared to estimate variation in body size registered by each method for different species groups.
RESULTS
A total of 1,240 individuals was captured (Tab. I), comprising 21 leaf litter amphibian species (807 individuals), 17 lizard species (234 individuals), 10 snake species (12 individuals), and 13 small mammal species (187 individuals). Snakes were not included in the analyses because of insufficient captures.
Rarefaction analyses showed that there was no significant difference between the number of leaf litter amphibian and lizard species captured with 35, 62, and 100 L buckets (Figs 2 and 3). For small mammals, similar species richness was observed for 35 and 62 L pitfall traps, but more species were captured by 100 L pitfall traps (Fig. 4) . When comparing trap design, number of species recorded by I and Y design was not significantly different in any of the three groups (Figs 2-4). Results were similar for both individual based rarefaction and sample based rarefaction, for all groups analyzed. Species recorded by less than three individuals were not included in species richness analyses (four amphibian species, five lizards, and three small mammals; Tab. I). It is considered that they may be rare/uncommon in the study area and the low number of captures are not due to any kind of trap selection. Among them, five (three amphibians: (Fig. 5) . Bufo cf. magnussoni was the most frequently sampled species, both by I design (23.7% of all records) and Y design (34.7% of all records). For lizards (Fig. 5) , the three most abundant species represented 60% of all lizards captured by I design and 64% by Y design. In both designs, Arthrosaura reticulata (O'Shaughnessy, 1881) and Coleodactylus amazonicus (Andersson, 1918) were the most abun- Figures 2-3. Individual based rarefaction curves and sample based rarefaction curves for (2) leaf litter amphibians and (3) lizards captured by I and Y pitfall trap designs, and 35, 62 and 100 L pitfall traps sizes. Gray lines represent 95% confidence intervals. (Fig. 6 ). For lizards, the three bucket sizes presented relatively even species-abundance curves (Fig. 6) , with the four most abundant species representing 68.5%, 72.8% and 59% of all species captured by 35, 62 and 100 L pitfalls, respectively. The two most abundant species (A. reticulata and C. amazonicus) were the same for all three bucket sizes. For small mammals (Fig. 6) , the three most abundant species captured by 35, 62, and 100 L pitfalls were the same, although the most abundant species in 35 L pitfalls (M. cf. pinheiroi), represented by 34.1% of all captures, was only the third most abundant in 62 and 100 L pitfalls (14.75% and 14.1% respectively). Oecomys auyantepui was the most abundant species registered by 62 L pitfalls (29.5% of all individuals captured), while both O. auyantepui and E. macconnelli were the most abundant species in 100 L pitfalls (each representing 21.2% of all captures). Pitfalls of 100 L buckets presented the most even species-abundance curve, those of 35 L buckets the most uneven species-abundance distribution.
Number of individuals
Rank orders of abundance of individual species trapped by I-shaped and Y-shaped pitfalls were not significantly different for leaf litter amphibians (21 species, rs = 0.777, p < 0.001), lizards (17 species, rs = 0.725, p < 0.001) and small mammals (14 species, rs = 0.749, p = 0.002). Rank orders of abundance obtained from traps with different bucket sizes were also not significantly different for leaf litter amphibians (35 and 62 L pitfalls -rs = 0.827, p < 0.001; 62 and 100 L pitfalls -rs = 0.937, p < 0.001; 35 and 100 L pitfalls -rs = 0.790, p < 0.001); lizards There were no significant differences in the observed pattern of leaf litter amphibian, lizard or small mammal community structure as revealed by each trap design (Fig. 7) . In the case of different pitfall trap sizes, for all groups analyzed, there were no differences in the pattern revealed by the three sizes, as well as in pairwise comparisons between 35 and 62 L pitfalls, 62 and 100 L, and 35 and 100 L pitfalls (Fig. 8) . All statistic results of ANOSIM are presented in Figs. 7-8. Trap design showed no influence on the sizes of specimens sampled in any of the groups (ANOVA, leaf litter amphibians: F = 0.304, df = 1, 648, p = 0.582; lizards: F = 0.339, df = 1, 173, p = 0.561; small mammals: F = 0.001, df = 1, 185, p = 0.969). Regarding bucket sizes, there was a significant difference between lengths of leaf litter amphibians registered by 35, 62, and 100 L pitfalls (ANOVA, F = 4.123, df = 2, 648, p = 0.017). Pairwise comparisons showed a significant difference only between 62 and 100 L pitfalls, where 62 L pitfalls captured smaller specimens on average than 100 L pitfalls; 35 and 62, 35, and 100 L pitfalls captured similar-sized specimens (Tab. II). In terms of maximum size, 35 L pitfalls captured the largest leaf litter amphibian (L. paraensis, 158 mm). For lizards, average length of specimens obtained by the three bucket sizes were not significantly different, either when all three were compared to each other (ANOVA, F = 0.316, df = 2, 173, p = 0.729). The largest lizard was registered by 35 L pitfalls [Ameiva ameiva (Linnaeus, 1758), 182 mm] and the smallest by 100L pitfalls (C. amazonicus, 12 mm; Tab. II). The same was obtained for small mammals (ANOVA, F = 2.592, df = 2, 185, p = 0.078). Buckets of 62 L registered the largest mammal (D. marsupialis, 337 mm), and 100 L the smallest (M. cf. pinheiroi, 65 mm; Tab. II). For snakes, even though we did not catch enough specimens to conduct a formal analysis, our preliminary data indicate that 100 L buckets failed to catch larger animals than 35 and 62 L pitfall trap arrays.
DISCUSSION
Previous studies in the Floresta Nacional de Caxiuanã, including both active search and pitfall trap collecting, recorded 37 species of amphibians, 24 of lizards, and 70 of snakes (ÁVILA-PIRES & HOOGMOED 1997 , BERNARDI et al. 1999 , ESTUPIÑÁN et al. 2002 , MASCHIO et al. 2009 , and specimens from MPEG herpetological collection). The present study recorded 21 species of amphibians, 17 of lizards and 10 of snakes, all previously known from the Floresta Nacional de Caxiuanã, except for four amphibians that represent new records (Adenomera sp. 2, P. ephippifer, Ctenophryne geayi Mocquard, 1904, and C. jimi) . Small mammals have not been previously surveyed in the area, but LAMBERT et al. (2005) recorded 25 species in the Estação de Pesquisa Pinkaiti, within the Tocantins-Xingu interfluvium. In the present study 13 small mammal species were recorded. It should be noted, however, that only those species that occupy the leaf litter can be expected to be sampled by pitfall traps. Part of the difference in the numbers above, from all three groups, are due to species that do not occur in the leaf litter.
Our results agree with those by MORTON et al. (1988) and HOBBS et al. (1994) in that trap design (a straight line or with extra arms) has little effect on species sampled. Those studies focused on reptiles, but we got similar results for amphibians and small mammals. For all three groups the present study points out an unbiased recovery of species richness and rank abundance order by I and Y pitfall designs, indicating that studies that differ only in this matter are comparable. Differences in pitfall size (35, 62, and 100 L buckets) did not lead to a different perception of species richness, relative abundance and community structure of leaf litter amphibian and lizard species. This is in agreement with RIBEIRO-JÚNIOR et al. (2008) who only compared buckets of 35 and 62 L. Therefore, it seems that buckets of 35 L are adequate enough for sampling these animals. Even considering the largest species within these groups, no significant differences were observed, except between buckets of 62 and 100 L for amphibians. However, as no differences in size of captured amphibians were found between 35 and 62 L buckets, and 35 and 100 L buckets, the difference observed between 62 and 100 L buckets cannot be attributable to size. Our results contradict CECHIN & MARTINS (2000) who suggested the use of large pitfalls (100 L) to obtain more species and larger reptiles. Other studies (FRIEND et al. 1989 , THOMPSON et al. 2005 ) also found differences, but these authors compared PVC pipes and buckets, where the form of the container also played a role.
For small mammals, however, number of species was higher in 100 L buckets than in the smaller ones. THOMSON et al. (2005) found that 600 mm deep pipes registered more small mammal species than 20 L buckets, and they suggested that the largest trappable species could be jumping out of the buckets. HOW et al. (1984) also pointed out that some species of small mammals are able to jump or climb out of pitfall traps. Present data suggest that buckets of 100L prevent escaping more efficiently than those of 35 and 62 L. However, no difference in size of the animals caught by the three different bucket sizes was found, in spite of the fact that it could be expected that larger animals would have more chance of jumping out of the bucket.
There were a few cases where species were absent from one of the pitfall trap types but, except for P. ephippifer, samples were smaller than 10 specimens per species and absence may result from chance alone. Even in the case of P. ephippifer we cannot discard the effect of other variable(s) than bucket size. On the other hand, at least some amphibians, as well as some lizards, are able to climb out of buckets (TCSAP pers. obs.) and differences in size and/or format of the buckets may facilitate or hinder their escape. However, our results indicate that even if such differences exist, they were not enough to produce statistically significant differences in the analysed parameters.
Even though snake data were not statistically analyzed, our preliminary observations suggest that pitfalls, even of 100 L, are not effective for sampling this group, as already observed by MASCHIO et al. (2009) for the same study area. A total effort of 1,206 trap nights were necessary to record 10 species (12 individuals), while by only walking to verify the pitfalls (about four hours per day) we could record 14 species (21 individuals). CECHIN & MARTINS (2000) and BERNARDE (2008) recommended the use of 100 L pitfalls as an extremely efficient technique to sample snake community in Brazil. Our data do not corroborate this observa- tion. The technique however is useful as a complementary sampling method, especially regarding smaller, (semi-) fossorial snakes that are difficult to sample by active collecting. For a number of ecological studies that includes the vertebrate leaf litter fauna it is important to understand the effectiveness and biases of different sampling methods (e.g. UMETSU et al. 2006 , MARITZ et al. 2007 , RIBEIRO-JÚNIOR et al. 2008 . Here, it is shown that studies of species richness, relative abundance and community structure of leaf litter amphibians and lizards are not significantly affected by different pitfall trap designs and sizes, at least within certain limits. However, the same was not true for small mammals, for which larger pitfall traps showed a higher species richness. As a result, the use of larger pitfall traps (100 L) to sample the terrestrial vertebrate fauna in multidisciplinary studies is recommented, maximizing the results obtained. On the other hand, if the study is restricted to the herpetofauna, 35L buckets, which are cheaper and easier to install, may be used. According to JAMES et al. (1999) and SHEIL (2001) the limited financial resources available for conservation must be allocated with care, including the choice of sampling methods for the study of biodiversity that are most cost-effective (e.g. GARDNER et al. 2007 , GARDNER et al. 2008 . We hope the present study will be useful to guide Neotropical forest herpetologists and mammalogists to improve the effectiveness of their sampling methods.
